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Instructors are increasingly using computer-based educational technologies to augment
their courses. As answering quizzes has been shown to be one of the most effective
learning strategies, a growing number of computer-based learning aids use quizzing. So
which of these learning aids should instructors recommend to their students? These
learning aids typically either present the student with a number of potential answers
and require that they recognize the correct answer (i.e., a multiple-choice quiz) or
else they might require the student to recall the answer without assistance (i.e., a
free recall quiz). Numerous lab-based studies have shown that recall-based quizzes
promote more learning and result in higher performance in a subsequent exam/test
than recognition-based quizzes. In the present study, we investigated to what extent this
finding holds in an actual university setting with two commercially-available learning aids.
We found that while both types of learning aid proved to be effective, we could find no
evidence that the recall-based learning aid was more effective than the recognition-based
learning aid. In light of this, we discuss possible reasons why the laboratory findings did
not readily translate to an actual university setting and make practical recommendations
for what sort of computer-based learning aid instructors should incorporate into their
university courses.
Keywords: educational psychology, revision aid, Cram, PeerWise, computer-assisted learning, learning

INTRODUCTION
The purpose of educational technology is to facilitate learning (Robinson et al., 2016).
Computer-based learning aids are becoming increasingly popular (Liaw et al., 2007). Many of
these learning aids employ quizzes, as quizzing has been shown to be one of the most effective
teaching strategies (Dunlosky et al., 2013). In particular, it has been shown that taking a quiz
improves long-term retention more than spending an equivalent amount of time restudying the
material (Roediger and Karpicke, 2006; Karpicke and Roediger, 2008). This effect is especially
pronounced if feedback is given (Kang et al., 2007; Roediger and Butler, 2011). This testing effect,
whereby engaging in effortful retrieval improves memory for the material studied, has been widely
demonstrated in laboratory settings (Roediger and Butler, 2011; Roediger et al., 2011), but studies
in actual educational contexts have produced mixed results (Karpicke et al., 2014; Nguyen and
McDaniel, 2015; Trumbo et al., 2016).
Quizzes can be broadly classified as being either recognition-based or recall-based (Carpenter
and DeLosh, 2006; Dunlosky et al., 2013). In recognition-based quizzes, the participant is presented
with multiple potential answers and is required to identify the correct one. Multiple choice
questions are a popular example of a recognition-based quiz. Conversely, in recall-based quizzes,
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employed recognition-based quizzes, while the other was chosen
because it employed recall-based quizzes. Our expectation was
that because recall-based quizzes are more difficult, so require
more effort, they will result in more learning, and in higher
performance in a subsequent test (McDaniel et al., 2007). We
therefore had two specific hypotheses. The first was that both
learning aids would prove to be effective in that participation with
them would be correlated with higher marks in the final exam,
even when potential confounding factors are discounted. Our
second hypothesis was that this correlation between participation
with a learning aid and higher exam performance would be
larger for the recall-based learning aid than the recognition-based
learning aid, reflecting the previous laboratory findings (Bjork
and Whitten, 1974; Glover, 1989; Carpenter and DeLosh, 2006;
McDaniel et al., 2013). By testing these two hypotheses, we hoped
to gain some insight into the relevant merits of recognitionbased vs. recall-based quizzes, so that we could advise university
instructors as to which type of learning aid they should choose
for their university courses.

no options are presented and the student is instead required
to recall the answer without assistance (Dunlosky et al., 2013).
Previous laboratory studies have indicated that recall-based
quizzes result in greater learning and greater retention of the
tested material than recognition-based quizzes, as evidenced
by increased scores on a subsequent exam or quiz (Bjork and
Whitten, 1974; Glover, 1989; Carpenter and DeLosh, 2006;
McDaniel et al., 2013). Presumably, this is because recall quizzes,
often being more difficult (McDaniel et al., 2007), provide
more potential for elaborative processing, which results in more
learning (Carpenter and DeLosh, 2006).
It is unclear to what extent these laboratory-based findings
apply to actual higher education courses (Karpicke et al., 2014).
In these previous lab-based studies the final exam was either
the same as or at least was very similar to the revision quiz
(Bjork and Whitten, 1974; Glover, 1989; Carpenter and DeLosh,
2006; McDaniel et al., 2013). This meant that by taking the
revision quiz, the students could obtain a good idea of the
content of the final exam. For many university courses, this
would not be acceptable as this could cause students to ignore
most of the course and focus only on the material that would
appear on the final exam (Wooldridge et al., 2014). When the
questions in the final exam do not closely match the questions
in the quizzes, the benefits of quizzes are typically reduced and
sometimes eliminated (Rohrer et al., 2010; Wooldridge et al.,
2014; Nguyen and McDaniel, 2015). Consequently, we do not
know whether recall-based quizzes will prove to be superior to
recognition-based quizzes in an actual higher education setting
or indeed whether either type of quiz will aid learning at all
(Nguyen and McDaniel, 2015). The issue is further complicated
by the fact that university courses typically teach material
that is interrelated, as opposed to comprising merely a list of
independent facts that can be learned in isolation from each
other. It is know that the testing effect is reduced and may even be
eliminated for material that is interrelated (Van Gog and Sweller,
2015), making it hard to predict the relative effectiveness of these
two types of quizzes in an actual university setting.
A secondary issue regards the way the students interacted with
the quizzes in these previous studies. In the previous laboratorybased studies, students were typically required to answer each
quiz question (Bjork and Whitten, 1974; Glover, 1989; Carpenter
and DeLosh, 2006; McDaniel et al., 2013). Conversely, in an
actual classroom setting it is often hard to enforce substantial
participation with the quizzes. The degree to which the students
choose to engage with the learning aids will largely determine
their effectiveness (Rawson and Dunlosky, 2011). Consequently,
without knowing to what degree students will actually engage
with these learning aids, it is impossible to predict their relative
effectiveness.
In summary, a number of previous laboratory-based studies
have indicated that recall-based quizzes should be more effective
than recognition-based quizzes in helping students learn course
material. However, it is unclear to what extent these findings
will translate to an actual university setting using commercially
available learning aids that are commonly used by students. The
purpose of our study was to address this gap in the literature
by comparing the effectiveness of two popular learning aids in
a university setting. One learning aid was chosen because it
Frontiers in Education | www.frontiersin.org

METHODS
The Two Computer-Based Learning Aids
Since the purpose of our study was to compare the effectiveness of
a retrieval-based learning aid vs. a recall-based learning aid in an
actual university setting, we opted to use commercially available
educational technologies that students would actually engage
with, as opposed to home-grown learning aids designed for
research purposes, as have been used in previous studies (Bjork
and Whitten, 1974; Glover, 1989; Carpenter and DeLosh, 2006;
McDaniel et al., 2013). Using commercially available educational
technologies created difficulties as to how participation could be
equivalently measured for the two learning aids. We discuss how
this issue was addressed later.
For the recall-based learning aid, we chose to use a flashcard
system, as flashcards have been a consistently popular learning
aid among students (Dunlosky et al., 2013). We further chose
to use electronic vs. physical flashcards as it was unfeasible
to provide real flashcards for all the students in the course.
A second advantage of electronic flashcards is that we could
monitor their usage. An informal poll of a number of students
revealed that there were several electronic flashcard systems
in common usage among the student population. We chose
to use the Cram system (www.cram.com) because it was
already popular with the students, it was free and it was
compatible with all the computer systems that the students
were likely to use. There were a number of other systems that
were similar to Cram (e.g., Quizlet) and were also popular
with the students. Had we used one of these other systems,
we expect that we would have obtained essentially the same
results.
For the recognition-based learning aid, we chose to use
multiple choice quizzes as these have often been used in prior
studies (McDaniel et al., 2013). A number of learning aids that use
multiple choice quizzes, but we chose to use the PeerWise System
(Denny et al., 2008a,b; Rhodes, 2013). This is a particularly
popular internet-based learning aid that is also free to use and
readily accessible by students.
2
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The Course

Students were free to use these flashcards in any way they saw
fit. Although they were encouraged to write down their answer
before viewing the official answer, this was not enforced, and we
have no way of determining how often they in fact did this. As
discussed later, face-to-face interviews with students suggest that
they did not always do this.

The two computer-based memorization aids were introduced
into a large second year Biological Psychology course at a large
Australian university in 2016. This class lasted one semester,
comprising 12 weeks. Each week students received two 1-h
lectures. During the course, students were required to write
two essay-based assignments, due in weeks 4 and 8 and sit
a multiple choice final exam that occurred 2 weeks after the
end of the course. This exam covered the entire course, but
in a relatively superficial manner that primarily tested the
students’ ability to memorize simple facts, such as what certain
acronyms stood for or the spatial resolution of particular
imaging techniques. As such, the questions were very similar
in format and style to the PeerWise questions discussed below.
Thus, students needed to focus more on memorizing basic
factual information than analyzing or evaluating it. As such, it
was an ideal course for testing computer-based memorization
aids, which are designed to assist in learning this type of
information.

PeerWise
A PeerWise website was created for this course (Denny et al.,
2008a,b; Rhodes, 2013). On this website, students could create,
share and answer multiple choice questions created by other
students. Written instructions were given to students as to how
to do this. To ensure participation, each student was required to
create at least one multiple choice question. Participation beyond
this level was not enforced. While the PeerWise questions had
a similar style and format to those question on the final exam, as
the students that wrote the PeerWise questions had no knowledge
of the questions on the final exam, the content was necessarily
different. An example PeerWise question is listed below:
For a chemical to qualify as a neurotransmitter it must:

Procedure

A. be present in the presynaptic neuron, released from the
presynaptic neuron after it fires, cause the postsynaptic
neuron to fire
B. cause the ion channel to open on the presynaptic neuron,
released from the presynaptic neuron after it fires, cause an
ion channel to open on the postsynaptic neuron
C. be synthesized in the presynaptic neuron, have receptors
sensitive to it on the postsynaptic neuron, cause an ion
channel to open on the presynaptic neuron
D. be present in the presynaptic neuron, released from the
presynaptic neuron after it fires, have receptors sensitive
to it on the postsynaptic neuron
E. be synthesized in the presynaptic neuron, released from
the presynaptic neuron after it fires, cause the postsynaptic
neuron to fire

This study was carried out in accordance with the
recommendations of the Melbourne School of Psychological
Sciences (MSPS) Human Ethics Advisory Group. The protocol
was approved by MSPS Human Ethics Advisory Group, approval
number 1647103. All participants gave written informed consent
in accordance with the Declaration of Helsinki. It was an explicit
requirement of our ethics approval that all students be able to
access both learning aids. This constraint excluded a randomized
design, in which students would have been randomly allocated
to one of the two learning aids or to neither of them (i.e., a
control group). This would have been our preferred procedure.
Instead, we opted to control for confounding factors using partial
correlations and regressions, as discussed below.

Cram Electronic Flashcards

(Correct answer is D).

For each lecture, a set of electronic flashcards were prepared by
a pair of tutors. Thus, 24 sets of flashcards were produced in
total. Each set contained on average 20.8 flashcards, range 16–28
flashcards. These tutors did not have any knowledge of the final
exam. In this way, we ensured that the flashcards did not give any
hints as to what would be on the final exam. The flashcards were
checked for accuracy by the faculty member who gave the lecture.
These flashcards were made available to the students within a
week of the lecture being given. They were designed by the tutors
to systematically cover the most important points of the lecture.
Students were required to electronically sign a statement saying
that they had downloaded and used at least one set of flashcards.
Participation beyond this level was not enforced. Two example
flashcard questions and answers are listed below:

Measures
Survey
In the week after the course concluded, students were
administered a 7-question survey asking for their subjective
impressions regarding these two learning aids. The survey was
as follows:
Considering only the course Biological Psychology:
Q1: Please estimate how many hours you spent using
PeerWise:
Q2: Please estimate how many hours you spent using Cram
flashcards:
Q3: Which did you find more useful for your revision∗ ?
(Choice: “PeerWise” or “Cram”)
Q4: To what extent did using PeerWise affect the total
number of hours you spent revising for the exam? (Scale
1–5: 1 = Significantly reduced, 2 = Slightly reduced,
3 = No change, 4 = Slightly increased, 5 = Significantly
increased)

Question: What is EEG?
Answer: Electroencephalography (EEG) is a method of
detecting neural activity by placing electrodes on the
scalp.
Question: What is retrograde amnesia?
Answer: Impairment for memories that were created before
injury.
Frontiers in Education | www.frontiersin.org
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Preference for Cram

Q5: To what extent did using Cram flashcards affect the total
number of hours you spent revising for the exam? (Scale
1–5: 1 = Significantly reduced, 2 = Slightly reduced,
3 = No change, 4 = Slightly increased, 5 = Significantly
increased)
Q6: To what extent did using PeerWise make you feel
confident that you understood the material covered in
this course? (Scale 1–11: 1 = Not at all, 11 = Completely)
Q7: To what extent did using Cram flashcards make you feel
confident that you understood the material covered in
this course? (Scale 1–11: 1 = Not at all, 11 = Completely)

On average, students felt that Cram was more helpful than
PeerWise [χ2 (1, N = 262) = 17.6, p < 0.001] with 63%
preferring Cram to PeerWise. Consistent with this preference,
students reported spending significantly more time on Cram
than on Peerwise [t (261) = 5.17, p < 0.001, r2 = 0.09], reporting
spending on average 10.6 (SEM = 0.75) hours on Cram and 6.15
(SEM = 0.60) hours on PeerWise.

Cram Made Students Feel More Confident That They
Understood the Material
The use of Cram and PeerWise made people somewhat confident
that they understood the material covered in the course. The
degree of confidence induced by the learning aid was 7.48
(SEM = 0.17) for Cram and 6.35 (SEM = 0.17) for PeerWise.
The rating was significantly higher for Cram than for PeerWise
[t (261) = 4.70, p < 0.001, r2 = 0.08].

∗ In

Australia, the term revision is commonly used to mean to
review material to increase one’s knowledge and understanding
of it.

Objective Measures
In addition, to these subjective impressions, we collected
objective data. Because the Cram flashcard system was designed
primarily for teaching purposes, there was no built-in facility
for providing detailed information on student usage. For this
reason, we operationalized the student’s (objective) usage of the
flashcards as the number of days where the student accessed at
least one set of flashcards. For the sake of comparison, we defined
usage of PeerWise in an analogous manner. In addition, for each
student we recorded their mark for each assignment and their
exam score.

Confidence Negatively Correlated With Exam
Performance
The more confident Cram made them feel, the worse they did
on the final exam [r(260) = −0.129, p = 0.038]. A similar trend
was observed for PeerWise, but this did not reach significance
[r(260) = −0.100, p = 0.11]. However, when performance on
the two assignments was discounted, neither the PeerWise
nor the Cram partial correlation was significant [PeerWise:
r(260) = 0.071, p = 0.25; Cram: r(260) = −0.043, p = 0.48].

Focus Groups

For Cram, Confidence Negatively Correlated With
Performance in the Assignments

We also organized two focus groups to discuss the results with
the students. These groups used a semi-structured format, led by
the moderator, based around the following questions:

The degree to which Cram made students feel confident
that they understood the material covered in this course was
negatively correlated with their assignment scores [Assignment
1: r(260) = −0.129, p = 0.037; Assignment 2: r(260) = −0.149,
p = 0.016]. For PeerWise, only the first correlation was
significant and that was in the opposite direction, [Assignment
1: r(260) = 0.134, p = 0.031; Assignment 2: r(260) = 0.024,
p = 0.70].

1) Do you believe PeerWise or Cram was the better revision
aid? Why?
2) To what extent did using PeerWise affect the total number
of hours you spent revising for the exam? Why?
3) To what extent did using the Cram flashcards affect the
total number of hours you spent revising for the exam?
Why?
4) To what extent did using PeerWise make you feel confident
that you understood the material covered in this course?
Why?
5) To what extent did using the Cram flashcards make you feel
confident that you understood the material covered in this
course? Why?
6) Do you think the number of hours spent on PeerWise and
Cram would correlate with the final exam score? Why not?
7) Did using Cram/PeerWise make you feel more confident
that you understood the material. Do you think that feeling
confident would be associated with scoring higher on the
final exam?

Students Who Preferred Cram Did Worse on the Final
Exam
Students who preferred Cram tended to do worse on the
final exam than those who preferred PeerWise [t (260) = 2.08,
p = 0.038, r = 0.016].

Neither Learning Aid Appeared to Be Effective
According to These Subjective Measures
There was no significant correlation between the final exam
score and the self-reported number of hours spent using either
PeerWise [r(260) = 0.045, p = 0.47] or Cram [r(260) = −0.009,
p = 0.88].

Objective Measurements of Usage
RESULTS

Given that previous studies have found a significant correlation
between usage of PeerWise and final exam score (Hardy et al.,
2014; McQueen et al., 2014), we were surprised at the lack of
correlation between the self-reported number of hours spent
using PeerWise and the final exam score. It is possible that
the students’ estimates of their own usage of these learning

Survey
Six hundred ninety-nine students completed the course and sat
the final exam. Of these, 262 completed the survey. The key
findings are as follows:
Frontiers in Education | www.frontiersin.org
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one occasion. Forty-nine percent of the students chose to engage
with PeerWise more than once, and 99% chose to engage with
Cram more than once.

aids may be so noisy that they hide the correlation. This is
why we chose to additionally measure usage in an objective
fashion. Because with Cram we could not determine how many
questions each student answered, we instead measured usage
as the number of days students were objectively recorded as
accessing each learning aid. We discuss alternative measures of
usage below. We were also concerned that our findings might be
confounded by student ability. Specifically, we were concerned
that the more able students may tend to use the learning aids
more. As these students would tend to perform better in the final
exam, this might give a false impression of the effectiveness of
the learning aids. We, therefore, decided to factor out student
ability. We operationalized student ability as their individual
scores on the two assignments (i.e., we controlled for both
scores simultaneously). Finally, so as to ensure that we measured
the unique contribution of each learning aid, we controlled
for the time spent using the other learning aid. Thus, when
we performed the partial correlations to test for a relationship
between the number of days spent using a learning aid and the
final exam score, we controlled for the marks in both assignments
and the time spent with the other learning aid.
Six hundred and ninety-one students completed both
assignments and the exam. A student could interact with
PeerWise by either authoring, answering or commenting on
a question, though in practice in 97.8% of the interactions
with PeerWise a student answered a question, in 1.7% of the
interactions a student authored a question and in only 0.6% of
the interactions did the student comment on a question. When a
student interacted with Cram, their only option was to answer a
question.
Both participation with Cram and participation with
PeerWise uniquely predicted final exam scores. The degree of
participation with PeerWise was still significantly correlated with
final exam score, even when both student ability and the degree
of participation with Cram was controlled for [r(689) = 0.170,
p < 0.001]. Similarly, the degree of participation with Cram
was still significantly correlated with the final exam score, even
when both student ability and the degree of participation with
PeerWise was controlled for [r(689) = 0.101, p = 0.006]. Running
a bootstrap analysis with replacement revealed no significant
difference between these two correlations, p = 0.18 (Efron and
Tibshirani, 1998). We ran a linear regression to estimate the
degree to which participation with Cram and PeerWise affected
final exam scores, accounting for performance on the first two
assignments. To increase their final exam score by 5% (i.e., by
one grade), on average students would have needed to have
interacted with PeerWise on 10.1 days and with Cram on 24.3
days. Bootstrapping revealed this difference to be statistically
significant, p = 0.030 (Efron and Tibshirani, 1998).
There was a significant correlation between usage of the two
learning aids [r(689) = 0.41, p < 0.001]. Despite this, student usage
of the two learning aids also differed significantly, with students
accessing PeerWise on fewer days than Cram [t (690) = 32.7,
p < 0.001, r = 0.61]. On average, students accessed PeerWise on
2.61 (SEM = 0.14) days. Conversely, on average students accessed
Cram on 9.22 (SEM = 0.21) days. It was a course requirement
that all students engage with both PeerWise and Cram on at least

Frontiers in Education | www.frontiersin.org

Comparison With Other Objective
Measures of Participation
For Cram, we could have also measured participation as the
number of flashcard sets each student accessed. Students were
allowed to access the same set multiple times and we recorded
how many times they accessed each flashcard set. The correlation
between this measure of participation and our actual measure of
participation was r = 0.89 (p < 0.001), showing that the two
measures were highly similar. Using this new measure of Cram
participation, we got a very similar answer as before: the degree
of participation with Cram was still significantly correlated with
final exam score, even when both student ability and the degree
of participation with PeerWise was controlled for [r(689) = 0.080,
p = 0.036]. A bootstrap analysis revealed that this correlation
was not significantly different from the equivalent correlation
calculated using the other measure of participation with Cram,
p =0.18 (Efron and Tibshirani, 1998).
We could have measured PeerWise participation as the total
number of PeerWise questions that were answered, created or
commented on by a given student. The correlation between this
measure and our actual measure of participation was r = 0.72
(p < 0.001). Using this measure of participation we found that
the degree of participation with PeerWise was still significantly
correlated with final exam score, even when both student ability
and the degree of participation with Cram was controlled for
[r(689) = 0.197, p < 0.001]. As before, a bootstrap analysis
revealed that this correlation was not significantly different from
the equivalent correlation calculated using the other measure of
participation with PeerWise, p = 0.32 (Efron and Tibshirani,
1998).

Focus Groups
Two focus groups were held to discuss these results with the
students. These were voluntary and held 2 weeks after the
final exam. In total, 12 students attended. These students were
equally split in preference for Cram vs. PeerWise and there was
no consensus as to which was the better learning aid. They
reported finding both to be highly engaging. They especially
liked the fact that the questions on PeerWise were in a very
similar format to those on the final exam. They also liked the
fact that the Cram electronic flashcards were compatible with
their mobile phones, permitting them to study whenever it
was convenient (e.g., on the train or on the tram). Consistent
with the objective measurements, they didn’t feel that either
learning aid substantially increased the amount of time they
spent revising. They reported that the reason for this was that
they used these learning aids instead of revising in their usual
manner (e.g., making notes). Their major concern with the Cram
electronic flashcards was that their content and format often
closely resembled and duplicated the lecture notes (on which
the flashcards were directly based). Their major concern with
PeerWise was that they felt that a significant fraction of the
questions were of low quality and poorly written. Consistent with
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Cram on 24.3 occasions but PeerWise only on 10.1 occasions, a
statistically significant difference. While this may indicate that
PeerWise is more effective than Cram, this might be in part due
to PeerWise being used less by students than Cram. Presumably,
the more a learning aid is used, the less effective it becomes, so
its average effectiveness decreases. It might also be that because
Cram did not force students to respond whereas PeerWise did,
PeerWise may have been genuinely more effective as a learning
aid. Regardless of whether PeerWise is genuinely superior to
Cram as a learning aid, we can say that our results certainly show
no evidence that Cram is superior to PeerWise, contrary to our
initial expectations.
One potential explanation for this surprising finding could be
the format of our final exam. The final exam was entirely multiple
choice, which is the same format employed by PeerWise but not
the same format as used by Cram. However, a previous study has
shown that, in the lab, recall-based learning quizzes still result in
higher final exam performance than recognition-based quizzes
even when the final exam was multiple choice (McDaniel et al.,
2007). This would indicate that the format of the final exam was
probably not the main reason why Cram failed to outperform
PeerWise.
Another potential reason could be that Cram engendered
a false sense of confidence and this decreased its effectiveness
relative to PeerWise. Consistent with this, students reported that
Cram made them feel more confident than PeerWise. We also
found that the more confident a learning aid made a student feel,
the worse they did on the final exam. However, it is possible that
this correlation between being confident and doing worse on the
final exam does not represent a causal relationship but rather is
caused by both phenomena having a common cause (Aldrich,
1995). In particular, we believe that the common cause is likely
to be student ability. Carpenter et al. (2016) have shown that
the weaker students tend to be the most overconfident. Since we
found that the weaker students also preferred Cram, this could
explain our finding that Cram engendered more confidence than
PeerWise. We tested this potential explanation by factoring out
student ability using partial correlations. When student ability
was factored out, there was no longer any correlation between
how confident the learning aids made the students feel and final
exam performance.
Another potential reason why Cram did not outperform
PeerWise could be that students found Cram less engaging that
PeerWise, so used it less. However, this appears not to be the case.
The majority of the students preferred Cram and both subjective
and objective measures indicated that they used it significantly
more often than PeerWise.
We suggest that the most likely reason why Cram did not
outperform PeerWise was because the quality of the feedback
with Cram was less. With PeerWise, students were told whether
or not they got the answer correct. Conversely, with Cram they
were instead shown the correct answer and, on this basis, needed
to judge how accurate their own answer was. While students
reported finding this less confronting, it is possible that this
reduced their learning. In the lab-based studies that employed
recall-based quizzes, students were required to supply a specific
answer, often a specific word or phrase (Bjork and Whitten,
1974; Glover, 1989; Carpenter and DeLosh, 2006; McDaniel et al.,

this concern, a review of the questions on PeerWise found that
only 18% received a rating of at least “good,” 25% received a
rating of “poor” or “very poor,” while the remainder received
a rating of “fair.” Despite this, they agreed that using both
Cram and PeerWise made them feel more confident about the
material covered in the course, consistent with the survey results.
They were unable to agree on which one made them feel more
confident. They expected that the more confident a learning
aid made them the better they would do on the final exam.
They were surprised when informed that the converse occurred.
They were not surprised that the number of self-reported hours
spent with the learning aids did not correlate with the final
exam performance. They explained this by suggesting that these
estimates were probably very unreliable. When asked why Cram
was not more effective than PeerWise they reported that with
Cram you could go “easy on yourself.” By this they meant that
when using Cram students were not forced to write down an
answer, which could mask the fact that they didn’t know the
answer. Conversely, in PeerWise they were forced to choose an
answer and then received immediate feedback on their choice.
While they found that this was more confronting, they reported
that this helped them form a more accurate assessment of their
ability.

DISCUSSION
Computer-based tools and applications are becoming
increasingly popular and widely used in higher education (Liaw
et al., 2007). As such, we need to evaluate their effectiveness
in an actual higher education setting (Lodge and Horvath,
2017). The purpose of the current paper was to compare the
effectiveness of two computer-based learning aids that employed
quizzes to help students learn course material. These particular
computer-based aids were chosen because they used different
types of quizzes. One used recall-based quizzes, while the other
used recognition-based quizzes. Previous lab-based studies have
shown that both recall-based quizzes and recognition-based
quizzes are effective at promoting learning but recall-based
quizzes result in more learning and higher performance in
a subsequent test than recognition-based quizzes (Bjork and
Whitten, 1974; Glover, 1989; Carpenter and DeLosh, 2006;
McDaniel et al., 2013). Based on these findings, our expectation
was that both Cram and PeerWise would be effective learning
aids but Cram would be more effective than PeerWise as Cram
employed recall-based quizzes whereas PeerWise employed
recognition-based quizzes. Consistent with our first hypothesis,
we found that participation with either learning aid was
significantly correlated with improved exam performance, even
when student ability and participation with the other learning
aid was discounted. Contrary to our second hypothesis, we
found no significant difference between the correlation between
participation with Cram and the final exam and the correlation
between participation with PeerWise and the final exam. Indeed,
if anything, the correlation between participation with a learning
aid and the final exam performance was less strong for Cram
than for PeerWise. To quantify the effectiveness of each learning
aid, we ran a linear regression. From this we determined that
to increase their exam score by 5%, students need to access
Frontiers in Education | www.frontiersin.org
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it appears to be less effective. In particular participation with it is
not correlated with improved exam scores (Luxton-Reilly et al.,
2012). This is further evidence that recall-based learning aids may
not be superior to recognition-based learning aids in an actual
university setting.
Finally, we note that the two revision aids focused only
on early stages of learning. According to the revised Bloom’s
taxonomy, there are six stages of learning: remembering,
understanding, applying, analyzing, evaluating and creating
(Anderson and Krathwohl, 2001). According to Robert
Marzano’s new taxonomy, which was also designed to overcome
some of the shortcomings of the original Bloom’s taxonomy,
learning is achieved by the cognitive system in four stages:
retrieval, comprehension, analysis and knowledge utilization
(Marzano, 2001). According to either system, the two learning
aids assist only the first form of learning: remembering (revised
Bloom taxonomy) or retrieval (Marzano’s new taxonomy). As
such, they are likely to be helpful only for superficial learning.

2013). When they were shown the correct answer, it was easy for
them to judge whether they had gotten the answer correct or not.
Conversely, with the Cram flashcards, the required answers were
often longer and could potentially be phrased in different ways,
making it harder for students to judge how correct their answer
was. This would presumably reduce the quality of feedback that
the students would receive and might give the students the
impression that they know more than they do. Although it is not
essential, feedback does improve learning via quizzes (Kang et al.,
2007; Roediger and Butler, 2011), so presumably the higher the
quality of the feedback, the more learning will occur. If Cram did
indeed provide lower quality feedback than PeerWise, this could
explain why it failed to be more effective as a learning aid than
PeerWise.

Implications and Limitations
For ethical reasons, we were required to provide all students
with access to both learning aids, so could not perform a
randomized control experimental design. Instead, we performed
a correlational analysis. This means that we cannot determine
with certainty what the cause and effect relationships are. A
correlation between two variables can be caused by both variables
having a common cause, rather than causing each other (Aldrich,
1995). A priori there were two potential common causes that we
wished to control for: student ability and the effect of the second
learning aid. We controlled for these potential confounds using
partial correlations. Specifically, when measuring the partial
correlation between participation with one learning aid and the
final exam score, we controlled for performance on the two
assignments and the number of days the other learning aid was
accessed. Despite controlling for both these potential confounds
we still found that the number of days Cram and PeerWise
were accessed on was significantly correlated with the final exam
mark.
A second potential limitation is that it is not clear to
what extent our results can be generalized to other learning
aids. To avoid overwhelming our students, we chose to trial
only two learning aids. These learning aids were chosen to be
representative of two broad classes of learning aid. For example,
a number of learning aids employ electronic flashcards, so are
very similar to Cram (e.g., www.quizlet.com, www.studyblue.
com, www.flashcardmachine.com, www.scholastic.com etc.). As
such, it is likely that our results from Cram would also apply
to these learning aids. Similarly, a number of learning aids are
similar to PeerWise in that they also rely on multiple choice
quizzes. These include QPPA (Yu et al., 2002), AGQ (Chang et al.,
2005), and Questionbank (Draaijer and Boter, 2005). For a review
see Luxton-Reilly (2012). We expect that had we used one of these
systems instead of PeerWise, we would have obtained similar
results.
While we believe that our results are representative of these
two broad classes of quiz-based learning aids, our results may
not generalize to other quiz-based learning aids. For example,
some learning aids use recall-based quizzes like Cram, but the
quizzes are generated by students like PeerWise (Luxton-Reilly,
2012). StudySieve is an example of such a recall-based learning
aid. While it was designed to be an improvement on PeerWise,
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CONCLUSION
In summary, we found that both computer-based learning
aids were effective in that participation with either learning
aid was correlated with higher performance in the final exam
even when student ability and participation with the other
learning aid was discounted. However, against our expectations,
Cram did not outperform PeerWise. This is surprising since
Cram is a recall-based learning aid whereas PeerWise is a
recognition-based learning aid and recall-based learning aids
have been consistently shown in the laboratory setting to result
in more learning and better performance on the final quiz/test
than recognition-based learning aids (Bjork and Whitten, 1974;
Glover, 1989; Carpenter and DeLosh, 2006; McDaniel et al.,
2013). Neither the format of the final exam, the degree of
confidence engendered by the learning aids or the differing
degrees to which the two learning aids engaged the students
seems to be able to explain why the correlations between
participation with Cram and final exam performance was not
significantly greater than the correlation between participation
with PeerWise and the final exam performance. Our results
indicate that these laboratory findings do not necessarily apply to
a university setting, possibly because in a realistic setting where
more complicated material needs to be learned, recall-based
learning aids provide lower quality feedback than that provided
by recognition-based learning aids. Additionally, commercially
available recall-based learning aids generally do not force the
student to answer the questions before receiving feedback
whereas recognition-based learning aids usually do. Thus, the
later can enforce more engagement with the material than the
former, so may result in more learning. Based on our findings,
we believe that university instructors should not favor recallbased learning aids. As recognition-based learning aids are easier
to administer, we would suggest that instructors should use
them instead. We further note that with some recognition-based
learning aids (e.g., PeerWise) it is possible to have students
generate the questions in a collaborative fashion. This greatly
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cuts down on the demands on the instructor/tutor responsible
for administering the system. In addition, having students
generate learning questions for each other is known to aid
their learning (Slamecka and Graf, 1978). This strategy does
not seem to work with recall-based learning aids (Luxton-Reilly
et al., 2012), presumably because with recall-based learning aids
it is harder to give high-quality feedback, so it is harder to
construct suitable questions. It seems that students struggle to do
this.
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